
EuTopalscha^Btentamt 



European Patent Office @ Publication number: 0191476 

Office europ^en des brevets A2 



© EUROPEAN PATENT APPLICATION 

© Application number: B6101774.7 © Int. CI. 4 : H 01 L 27/08 H 01 L 27/06 

@ Date of filing: 12.02.86 H 01 L 21/82! H 01 L 21/18' 



® Priority: 1 3.02.85 JP 24389/85 



SI 

to 



© Date of publication of application : 20X8.88 
BuilaUn 86/34 



© Designated Contracting States : DE FR GB NL 



© Applicant: Kabushlkl Kabha Toshiba, 72, Hortkawa^cho 
Sa!wal-*u, KawesaM-ahl Kanagawa-kan 210 (JP) 



@ Inventor: Kcehlno. YuteJu^ Patent DMalc*, 

Toahlba 1-1 Shibaura 1-ch„ Mlneto-ku Tokyo 106 (JP) 
inventor: AWyama.Tatauo, Patent Division. 
Toshiba 1 -1 Shlbaura 1 -ch_, Mm ato*u Tokyo 105 (JP) 
Inventor : B aba, Yoahlro, Patent Division, 
Tothlba 1 -1 Shlbaura 1 M in ato~fcu Tokyo 1 05 (JP) 



® Representative: Era*, Werner, Dlpl.-lng. at al t Hoffmann, 
P«tentanw«lte ArabeDeatraaae 4, 
D-8000 MUnchen 81 (DE) 



Q. 
Ul 



® Composite semiconductor device and process fbr manufacturing the same. 

© Disclosed is a composite semiconductor device (1), 
comprising a composite substrate consisting of first and 
second semiconductor substrates (1a, lb), one surface of 
each of which is mirror-polished, so that the mirror-polished 
surfaces are bonded together. The first semiconductor sub- 
strate (1a) has a space (11) adjacent to the bonding inter- 
face, and an annular groove (12) which communicates with 
the space (1 1) from a surface of the first semiconductor sub- 
strata (1a) opposite the bonding interface, the annular 
groove (12) being formed in a portion of the first semicon- 
ductor substrate (1a) corresponding to a peripheral edge 
portion of the space (11) thereof, at least one pillar (5) pro- 
jecting through the space (11) to the bonding interface from 
a surface, which is exposed to trie space (11), of a first por- 
tion (4) of the first semiconductor substrate (1a) which is de- 
fined by the space (11) and the annular groove (12) a first 
Insulating layer (7). formed In the annular groove (12), for 
electrically Isolating the first portion (4) from a second por- 
tion of the first semiconductor substrate (1a) adjacent there- 
to a second insulating layer (10). formed on the pillar (5) or 
a bonding Interface between the pillar (5) and the second 
semiconductor substrate (lb), for electrically Isolating the 
first portion (4) from the second semiconductor substrate 
lb), a first functional element (6) formed in the first portion 
(4), and a second functional, element (2) formed in the 
second portion. 
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Composite semiconductor device and 
process for manufacturing the same 



The present invention relates to a composite semi- 
conductor device and a process for manufacturing the 
same and >-m6re;partlcularly , to a composite 
semiconductor device which consists of a high voltage, 
power element and an, integrated circuit formed on one 
chip and which has a deep element isolation region, and 
a process for manufacturing the same. 

, A conventional composite semiconductor device con- 
sisting of a high, 'voltage, power element and an integr- 
ated circuit formed on one chip will be described with 
reference to Pig. 1. 

Pig. 1 is a sectional view showing a semiconductor 
device in which a power transistor section formed from 
the upper to lower surface of the semiconductor device 

15 and an IC section for controlling the transistor section 
are formed on one chip. Referring to. Pig. 1, n- type 
epitaxial layer 22 is formed on a p-type semiconductor 
substrate 21; Epitaxial layer 22 is divided into a 
power transistor section and a control IC : section. 

20 Power transistor 30 in the power transistor section com- 
prises n-type base region 25, forming part of epitaxial 
layer 22, p -type emitter region 24; and n + -type base :. 
contact region 25a formed in base, region -25 , and p-type ' 
collector layer 21 and p + -type collector 'contact layer 

25 26 constituting the semiconductor .substrate. Collector 
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electrode 27 is formed on, the bottom- surf ace of the 
structure. 

The control IC section comprises active elements 
(e.g., bipolar or MOS transistors) and passive elements 
(e.g., resistors/ capacitors, and the like) formed in 
the epitaxial, layer. The. number of , elements differs 
depending on the -type of device,- but in general ,* several 
to several tens of elements are formed. . In, Fig. 1, 
p-channel MOS t transistor 31 and bipolar transistor 32 
are exemplified as active elements. 

P ++ -type region 23 isolates the ; power. transistor 
section from "the control IC section and reaches . as far 
as p-type collector layer 21. Epitaxial layer 22 , in 
which the control IC section is formed, is thus sur- 
rounded by region 23 and collector layer 21. More spe- 
cifically, a pn junction is formed around the control IC 
section. Normally, since collector electrode 27 is 
fixed at a minimum potential in the substrate, the pn 
junction is reverse-biased during turn-on of the device, 
thus forming a depletion layer which performs element 
:isolation. , , 

However, this conventional isolation technique 
using a pn, junction has the following drawbacks. 

(a) Since element * isolation is; ^performed using 
a depletion layer formed when the pn junction is 
reverse-biased, the breakdown voltage is limited to 
about 300 V. Therefore, when a a, 000 V class high 
voltage element (e.g., a power transistor ). is- to be 
formed, this isolation technique cannot provide a 
breakdown voltage high enough to f orm . the element 
together on one chip with a control IC. 

(b) Even when a 300 V class power element is to be 
formed, impurity diffusion must be performed to a depth 
of 40 urn or more in order to form a pn junction for iso- 
lation, a time consuming process. Since the diffusion 
width along the lateral direction is increased, the size 
of the element formation region is reduced. 
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<c) A power* element normally generates a large 
amount of heat, thus increasing the temperature of the 
pellet. A 'control IC section formed togegher on one 
chip with the power element is directly influenced by 
increases in, temperature, and can easily malfunction. 

It is ^an-object of- the present invention to provide 
a composite semiconductor device which is free fromthe 
above-mentioned drawbacks 'of a conventional element iso- 
lation technique using a pn junction, which can provide 
element isolation .with % high breakdown voltage, and 
which has a- structure in which elements adjacent to 
a power transistor are not easily influenced by heat 
•generated i by the power transistor. 

According .to the present invention, there is pro- 
vided a composite semiconductor device, comprising: 
a composite substrate consisting of first and 
second semiconductor-substrates, one surface of each of 
which is mirror-polished, so that the mirror-polished 
surfaces are bonded together, the first semiconductor 
substrate having a space adjacent to the, bonding -inter- 
face and an annular groove which communicates with the 
space from a surface of the first semiconductor sub- 
strate opposite the bonding interface, the annular 
groove being formed in a portion. of the first semicon- 
ductor substrate corresponding to a peripheral edge por- 
tion of the space thereof ; 

at least one pillar projecting through the space to 
the bonding .interface from a surface, which is exposed 
to the space, of. a first . portion of the first semicon- 
ductor substrate which is defined by the space and the 
annular groove? 

a first insulating layer, formed in- the annular 
groove, for electrically isolating the first portion 
from a second portion of the first semiconductor sub- 
35 strate; adjacent thereto;" • 

a second insulating layer, formed on the pillar or 
a bonding interface between the pillar and the second 
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semiconductor substrate^ for < electrically ; isolating the 
first portion frorathe second semiconductor . substrate; 

a. first functional- element formed in the first 
portion? and 

5 a second functional element formed in' the second 

portion. * 

-Theannular groove; can,, be filled with the- first 
insulating layer but need not.: be completely filled, and 
, the fiz-jSt insulating .layer ; can be formed .only . on* its* 
10 side walls.. In this case, the groove is completely 
filled with a ..filling; material • by. a CVD process. 
.Although an insulating material such as SiO^/ Si^N^.,. 
or the like can be. used as the filling mater ial ^poly- 
crystalline silicon having substantially the same 
15 thermal expansion coefficient as the silicon substrate 
is preferable. 

A bonding layer is normally formed at a bonding ; 
interface between the first and second semiconductor 
substrates. 

20 Furthermore, according to the present invention, 

there is provided a process for manufacturing a com- 
posite semiconductor device comprising' the steps of : 

mirror-polishing one surface of a first semicon- 
ductor substrate; 

25 mirror-polishing t one surf ace of a seconds semicon- 

ductor substrate; 

selectively etching the mirror-polished surface of 
the first semiconductor substrate so as to form a recess 
and in the recess at least one pillar projecting from a 

30 bottom portion of the recess to . the- mirrors-polished 
surface; r 

t heating the first and second semiconductor 
substrates after the mirror-polished surfaces thereof 
have been placed in contact with each other so as to 

35 bond them together, thereby forming a composite sub- 
strate in which a space including at least one pillar 
is formed; . 
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etching a. portion of - the first semiconductor sub- 
strate corresponding to a*peripheral edge portion of the 
space thereof so-as to form- an annular groove extending 
to the space and forming a first portion which is de- 
fined by the annular groove and the space and is sup- 
ported by the pillar; 

performing thermal oxidation so as to form an oxide 
film on a surface; which is exposed 1 to the annular 
groove and the space,, of the composite substrate, where- 
by the first portion is electrically- Isolated from a 
second portion tof the first- semiconductor substrate, 
which' is adjacent thereto, and the second semiconductor 
substrate; 

forming a. f irsts functional^, element in ^the first 
portion; and 

forming a second functional element in the- second 
portion, .i : 

In the method of the present invention, the surface 
roughness of the mirror-polished surface is preferably 
500 A or less. Note that "surface: roughness" lis given 
by «a maximum height (Rmax) defined by. JIS B-0601 (1982). 
An optical polishing, method can be adopted as a mirror 
polishing method. 

After the mirror-polishing step, the mirror- 
polished surface is preferably washed with water, sur- 
factant, organic solvent, acid solution, or the like to 
remove stain films or contaminants (e.g., fine par- 
ticles, absorbed ions ^.organic material, or inorganic 
material). 

The mirror-polished surfaces of the first and 
second semiconductor • substrates must be bonded in a 
clean atmosphere* ■ . 

r. The heating temperature for bonding preferably 
falls within the range* of 1,000 to 1,200°C. High tem- 
peratures, at which the firsthand sedond semiconductor 
substrates may fuse .together, should be avoided. 

In the composite semiconductor device of the 
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present invention/ the f irst f functional, element is 
reliably isolated from the second functional element by 
the deep insulating layer , thua&achieving element 
isolation with a high breakdown^ voltage ... . The first 
functional element will not be influenced by heat from 
the second functional element due to the presence; of the 
space therebetween. 

This invention can.be more fully understood from 
the following detailed description when taken in 
conjunction with the accompanying drawings , in which: 

. Fig* 1 is a sectional view of a conventional . com- 
posite semiconductor device; 

Fig. 2 is a sectional view of a composite 
^semiconductor device according to an embodiment of the 
present invention; ± 

Figs. 3A to 3F are sectional views showing steps in 
the manufacture of the device shown in Fig, 2; 

Fig. 4 is a plan view of Fig. 3A;. 

Figs. 5A to 5C are sectional views showing steps in 
the manufacture of a composite semiconductor. ^device 
according to another embodiment of the present inven- 
tion; and 

Fig. 6 is a plan view of Fig. ,.5A. 

The present invention will now be described by-way 
of examples with reference to the accompanying drawings. 
Example 1 

In the composite semiconductor, device shown f in: 
Fig. 2, vertical type power ^transistor .2 as a second 
functional element, and an IC, as a first functional 
element, -for controlling transistor 2, are formed in 
composite silicon substrate 1. In Fig. 2, only planar 
transistor 6 is shown as a component. of the control IC. 

Composite silicon substrate 1 is formed by bonding 
together n~-type first silicon substrate la and.n + -type 
second silicon substrate lb. IC forming portion 4, in 
which the control IC is formed, is a rectangular plate- 
like surface layer in first silicon substrate la havig a 
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thickness of about 20 ym. Two pillars 5 are formed on 
the bottom 'surf ace of portion 4. The side surfaces of 
portion 4 are covered with silicon oxide layer 7 and 
filling material layer 8 • Portion 4 is thus isolated 
from the remaining portion of substrate la by layers 7 
and 8. 

Space 11 is formed below portion 4 in substrate la, 
"and two pillars "5 V project downward in' space ll from the 
bottom surface of portion 4. Surfaces' of substrates la 
and lb (including the surfaces 'of pillars 5) exposed to 
space 11 are 'covered with silicon oxide layer 7 and 
filling material layer 8. Silicon oxide layer 10 is 
sandwiched between pillars 5 and substrate lb to isolate 
them' from-each other. In this way, portion 4 and pil- 
lars 5 projecting therefrom are electrically isolated 
from the remaining portion of substrate la and from sub- 
strate lb. 1 

Vertical type npn transistor 2 is formed in the 
remaining portion of substrate la. The collector con- 
tact layer- of transistor 2 is formed On a surface oppo- 
site the bonding surface of substrate lb. 

The composite semiconductor device is prepared as 
follows. Figs. 3A to 3F are sectional views showing 
major steps in the manufacture of the device of the pre- 
sent invention; and Fig. 4 is a plan view of substrate 
la after the step in Fig. 3A. N~-type first silicon 
substrate la-and" n + -type second silicon substrate lb are 
prepared. One surface of -each is mirror-polished to 
obtain a surface roughness of 500 A or less, thus 
forming first and second mirror-polished surfaces. 
Substrates la arid lb can be decreased if needed. 
Rectangular recess 11a having a mesa cross-section and 
a depth of -about 80 pm is then formed in the first 
mirror-polished 'surface 6f substrate la. Substrate la 
is patterned to leave-two pillars 5 in recess 11a, as 
shown in Fig.> 3 A. Mesa recess 11a is formed by chemical 
etching using an oxide film (not shown) as a mask, but 
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can be formed by reactive ion etching (to, be referred to 
as RIE hereinafter) (Figs. 3A and 4). 

The first and second mirror-polished surfaces of 
substrates la and lb are placed in contact with each 
other in a clean atmosphere so that no foreign sub- 
stances are present therebetween , and are then heated 
to 1,2 00 Q C to be bonded together. This is perfprmed 
by a vacuum heating apparatus. Note that reference nu- 
meral 3 denotes a bonding layer formed at the boundary 
between substrates la and lb (Fig. 3B). Next, the sur- 
face of substrate la is lapped to reduce its thickness 
to 100 ym, so that the thickness o£ the portion of sub- 
strate la above recess 11 is reduced to 20 ym (Pig. 3C). 
3-ym thick oxide (Si0 2 ) film 13 is formed on the lapped 
surface of substrate la. A resist is, patterned by a 
photoetching process method (PEP method), and annular 
groove 12a is formed in the portion of film 13 corre- 
sponding to the peripheral edge portion of recess 11 
by RIE. substrate la is then etched by RIE using film 
13 as a mask to form annular groove 12, which extends 
to recess 11. Thus, recess 11 is open to the outer 
atmosphere through groove 12. Portion, (the same as the 
IC forming portion above) 4 of substrate la ( thickness j 
20 ym) lying on recess 11 is separated from the remain- 
ing portion of substrate la by groove 12,. but can be 
supported by two pillars 5 so as not to be broken 
(Fig. 3D). Thermal oxidation is then performed via 
groove 12 in a wet oxygen atmosphere. This is continued 
until insulating oxide layer 10^ is formed between 
pillars 5 and substrate lb and until pillars 5 are. 
electrically isolated from bonding layer 3 and substrate 
lb adjacent thereto. At the same time, oxide layer 7 is 
formed on the side walls of groove 12 and the surfaces 
of pillars 5. Thermal oxidation time is determined by 
an external oxide layer thickness monitor or test 
samples. In this example, insulating layer 10 is formed 
on the bottom portions of pillars 5. In general, 
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however, the insulating layer is formed on the portion 
of a pillar which is thinnest and oxidizes . most easily 
(Fig. 3E>. Groove 12, whose side walls were oxidized, 
is filied with polycrystaliine silicon by a reduced- 
pressure ( CVD method, thus air-tightly sealing recess 11. 

Polycrystaliine silicon is also deposited on the 
inner surface of recess 11. However, this deposited 
portion is not related to the present invention, 
in this~ example, filling material layer 8, formed by 
filling groove 12 with a filling material, seals recess 
11, flattens the exposed surface of substrate la, and 
prevents attachment of foreign substances to recess 11 \ 
which cannot be removed later. Since recess 11 is seal- 
ed under reduced pressure ,' internal air will not expand 
15 in subsequent heating process , thus preventing damage \o 
the substrate. ' 

The polycrystaliine silicon film, oxide film, and 
the like attached to the surface of the substrate are 
removed, and a control IC and power transistor 2 are 
formed in IC forming portion 4 and in the remaining por- 
tion, respectively, of substrate la. Substrate lb acts 
as the collector contact layer of power transistor 2. 
In this case, the effect of the barrier caused by 
bonding layer 3 between substrates la and lb on the 
25 function of power transistor 2 is negligible. 
Example 2 

In this example, the mesa etching step for forming 
a recess and pillars' in substrate la is performed in 
two steps (i.e., deep and shallow etching steps), thus 
allowing easy control. Fig. 5 A is a sectional view 
showing substrate la after deep mesa etching/ More spe- 
cifically, 80-ym rectangular recess 11a having a mesa 
cross-section is formed in a first mirror-polished sur- 
face of substrate la by deep chemical etching. In this 
case, two pillars 5 are left in the recess region. 
However, it is difficult to leave bonding surface 13, 
which will subsequently be bonded to substrate lb, with 
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high precision by this etching method. Therefore, 

bonding surface 13 is formed with less precision and a 

larger. area than in Examples 1.- - Fig i; 5B is a sectional 

view of substrate 1 after shallow mesa 'etching* and 

Fig. 6 is a plan view thereof. With this etching step, 

a plurality (e.g., 16) of short pillars 5a are formed on 

surface 13. For example f bonding surface 13a of each 

2 

pillar 5a has an area of 2 ym . Shallow mesa recess lib 
is connected with deep recess 11a. Fig. 5C corresponds 
with Fig. 3E in Example 1 and is a sectional view show- 
ing the state after annular groove 12 was formed and 
thermal oxidation was performed. With the thermal oxi- 
dation step, insulating oxide layer 10 is formed in 
the same manner as in Example 1, and pillars 5a are 
electrically isolated from substrate lb. At the same 
time, oxide layer 7 is formed on the side walls of 
groove 12 and the surfaces of pillars 5 and 5a. IC 
forming portion 4 is dielectrically separated from the 
remaining portion of substrate la and from substrate lb. 
The other steps are the same as those in Example 1. 
In Examples 1 and 2, it is preferable that an 

+ 

n -type impurity be ion-implanted in substrate la so as 
to form an n -type region on the inner surfaces of re- 
cesses 11a after pillars 5 are formed by selective etch- 
ing. In this way, the series resistance of the collec- 
tor can be reduced. 

As shown in Examples 1 and 2 , in a composite semi- 
conductor device prepared in accordance with the method 
of the present invention, an isolation breakdown voltage 
of 1,000 V or higher, impossible to obtain with the con- 
ventional pn junction separation method, can be real- 
iz v ec3. Since a large area of an IC forming portion for 
a control IC is adjacent to a space, heat from a power 
element {e.g., a power transistor) can be dispersed, 
and changes in IC characteristics due to heat can be re- 
duced. In addition, isolation capacity and parasitic 
element effect are reduced when compared with 



- 11 - 



0 191 476 



conventional devices,! thus providing ■ a stable composite 
semiconductor, device; with high reliability. ' 
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Claims: 

1. A composite semiconductor device , comprisina: 
a composite substrate (1) consisting of first and 
second semiconductor substrates (la, lb) , one surf ace of 
each of which is mirror-polished/' so that said 
5 mirror-polished surfaces are bonded together, said first 
semiconductor substrate (la) having a space (11) adja- 
cent to the bonding interface , and an annular groove 
(12) which communicates with said space from a surface 
of said first semiconductor substrate la opposite the 
10 bonding interface, said annular groove (12) being formed 
in a portion of said first semiconductor substrate (la) 
corresponding to a peripheral edge portion of said space 
(11) thereof; 

.at least one pillar (5) projecting through said 
space (11) to the bcpnding interface' from a, surface , 
which is exposed to said space (11), of a first portion 
(4) of said first semiconductor substrate (la) which is 
defined by said space and said annular groove; 

a first insulating layer (7)., formed in said annu- 
lar groove (12), for electrically isolating said first 
portion (4) from a second portion of said first semicon- 
ductor substrate (la) adjacent thereto; 

a second insulating layer (10), formed r on* said 
pillar (5) or a bonding interface between said pillar 
25 (5) and said second semiconductor substrate (lb) , for 

electrically isolating said first, portion (4) from said 
second semiconductor substrate (lb); 

a first functional element (6) formed in said first 
portion (4); and 
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a second functional element (2), formed in said 
second portion. 



2. A device. according to claim 1, characterized in 
that said annular groove (12) is filled with a filling 
material (8) formed on said first insulating layer (7). 
35 3. A device according to claim 2, characterized in 
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that an insulating layer is formed on the surface of 
said composite semiconductor substrate, which is exposed 
to said annular groove (12) and said space (11), and 
said filling material layer (8) is formed thereon* 

4. A device* according to claim 2, characterized in 
that' said 1 'filling 1 material comprises an element selected 
from the group consisting of Si0 2 # Sl^N^ and poly- 
crystallihe 61. 

5. A device 1 according to claim 1, characterized in 
that said pillar X5) is tapered toward said bonding in- 
terface/' and said^second insulating layer {10) is formed 
around a portion of said pillar (5), which has a minimal 
cross-sectional area. 

6. A device according to claim 1, characterized in 
that said second functional element (2) is a power ele- 
ment, and said first functional element (6) is an inte- 
grated circuit for controlling said power element. 

7. A process for manufacturing a composite semi- 
conductor device comprising the steps of: 

mirror-polishing one surface of a first semicon- 
ductor' substrate '(la)?" 

mirror-polishing one surface of a second semicon- 
ductor substrate (lb) ; 

selectively etching said mirror -polished surface of 
said first semiconductor substrate (la) so as to form a 
recess (11a) and in said recess at least one pillar (5) 
projecting from a bottom portion of said recess (11a) to 
said mirror-polished surface; 

heating said first and second semiconductor sub- 
strates (la, lb) after said mirror-polished surfaces 
thereof have been placed in contact with each other so 
as to bond them together, thereby forming a composite 
substrate (1) in which a space (11) including at least 
one pillar (5) is formed; 

etching a portion of said first semiconductor sub- 
strate (la ) corresponding to a peripheral edge portion 
of said space (ill) thereof so as to form an annular 
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groove (12) extending to said space (11) and ^forming a 
first portion . (4) which is defined 'by said annular 
groove (12) and said space (I'D- and is supported by said 
pillar (5); ,.■•<• ....... „ : 

performing thermal oxidation so as to - form an ox- 
ide film on a surface, which is. exposed ';to said annular 
groove (12) and said space (11), of- said composite 
substrate (1), whereby said first portion (4) is elec- 
trically isolated from a second portion of said first 
semiconductor substrate (la) and from said second semi- 
conductor substrate (lb), both of which are adjacent 
thereto; 

forming a first functional element (6) in said 
first portion (la); and 

forming a second functional element (2) in said 
second portion. 

8. A process according to claim 7, further com- 
prising the step of annealing said first and second 
semiconductor substrates (la, lb) after said mirror- 
polished surfaces thereof have been placed in contact 
with each other. 

9. A process according to claim 7, characterized 
in that the heating temperature falls within the range 
of 1,000 to 1,200°C. 

10. A process according to claim 7, further com- 
prising the step of ion-implanting an impurity, having 
the same conductivity type as said first semiconductor 
substrate (la), in an inner surface of said recess after 
the selective etching step. 

11. A process according to claim 7, further com- 
prising the step of reducing the thickness of at least 
one of said first and second semiconductor substrates 
(la, lb) after the bonding step. 

12. A process according to claim 7, further com- 
prising the step of depositing a filling material (8) on 
the surface of said oxide film (7, 10) so as to fill 
said annular groove (12) with said filling material (8) 
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after the .thermal ..oxidation step, 

. 13 A process , according to claim 12, characterized 
v in that .said. filling material, is an element j selected 
from the group consisting of Si0 2 , Si 3 N 4 , arid poly- 
crystalline Si,. 1 

14« A process .according to*, claim 7, characterized 
in that the surface roughness of the mirror-polished 
surface is not : more, than 500 A. ': f. 
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FIG.3A 




FIG 3B 




FIG. 3C 
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FIG. 5A 




FIG. 5B 
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